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(2) 对于 Watson-Crick A-T 碱基对，电子附着可以影响分子间氢键的相互作用，
导致 A-T 碱基对的几何结构发生显著变化。A-T 碱基对中低能的脱氢通道对应于




和碎片化性质。相对于中性分子，阴离子 dCMP 和 dTMP 中的 C5′-O5′和 C1′-N1
键的断裂更容易发生。C-O 键断裂的活化能要比 C-N 键断裂的活化能低，水溶
剂的存在可以显著地降低 C-N 键断裂过程的活化能。 
(4) 应用密度泛函理论和 QM/MM 组合计算方法，研究了固氮酶辅酶
FeMoco(μ6-X) (X=C,N,O)的结构特征以及它们与 CO 和 N2 的相互作用。计算结
果表明，蛋白质环境对辅酶结构有显著影响。基于预测的辅酶结构特征、氧化还















(5) 预测了 CO 脱氢酶活性簇不同氧化-还原态（Cred1, Cred2和 Cint）的结构特征
和酶催化 CO 氧化成 CO2 的反应机理。计算表明，C 簇周围的氢键网络主要由保
























DNA molecules and metalloenzymes play an important role in the life domain. In 
recent years, the multidisciplinary research on DNA and enzyme has attracted 
considerable attention and remarkable progresses have been made. However, at the 
atomic scale level, understanding of these unique biological systems in biology and 
their molecular mechanisms involved in the bio-related chemical processes is still 
difficult and challenging. Here selected biological systems relative to DNA and 
metalloenzymes were considered and their structural features and chemical 
reactivities were investigated theoretically. On the basis of extensive calculations, we 
try to understand fundamental aspects of DNA damages from the low energy electron 
attachment and catalytic mechanisms of metalloenzymes. 
The main results in this dissertation are summarized as follows: 
(1) Our calculations show that the dehydrogenation at the N9 site in the adenine and 
guanine transient anions is the lowest-energy channel to loss of hydrogen. For the 
adenine anion, as the N9-H bond stretches, the low-energy electron configuration 
may change from the initial π* state to the σ* state, and the π*−σ* energy curves 
intersect at 1.22 Å. While the guanine anion has a character of dipole-bound state, 
and its fragmentation is not sensitive to the low energy electron attachment.  
(2) For the Watson-Crick adenine-thymine (A-T) base pair, the electron attachment to 
the A-T base pair and its derivatives significantly modifies the hydrogen bond 
interactions and results in remarkable structural changes. The relatively low-cost 
hydrogen eliminations correspond to the cleavage of (N9)-H (adenine) and (N1)-H 
(thymine) bonds. In the dehydrogenating process, the anionic A-T fragment 
gradually changes its electronic configuration from π* to σ* state, like the single 
bases adenine and thymine.  
(3) The low-energy electron attachment to the pyrimidine nucleotides may 
remarkably modify their equilibrium geometries, electron affinities, and bond 















predicted to be relatively easy to break relative to their neutral species. The C-O 
bond cleavage has relatively low activation energy with respect to C-N bond 
breaking, and the presence of the solvent water may significantly reduce the 
activation energy in the C-N bond cleavage process. Present results provide a 
basis for understanding the single strand breaks in DNA induced by low-energy 
electron attachment.  
(4) Density functional theory and combined quantum mechanics and molecular        
mechanics (QM/MM) calculations have been used to explore structural features of 
the FeMo cofactor with an interstitial atom X (X = N, C, or O) and its interactions 
with CO and N2. Predicted frequencies of the metal-bound CO, 
QM/MM-optimized geometries, and calculated redox potentials of the FeMo 
cofactor with different central ligands show that the oxygen atom is the candidate 
for the interstitial atom. Calculations on the interactions of the FeMo cofactor with 
CO and N2 reveal that there is a remarkable dependence of the binding energy on 
the binding site and the interstitial atom. Generally, the Fe2 site of the FeMo 
cofactor has stronger interactions with CO and N2 than Fe6, and both the Fe2 and 
Fe6 sites in the N-centered and O-centered clusters of the FeMo cofactor can 
effectively bind N2 while the coordination of N2 to the Fe6 site of the C-centered 
active cluster is unfavorable energetically. Present results indicate that the protein 
environment is important for computational characterization of the structure of the 
FeMo cofactor and properties of the metal-bound CO and N2 are sensitive to the 
interstitial atom. 
(5) The catalytic oxidation of CO to CO2 by carbon monoxide dehydrogenases has   
been explored theoretically, and a large C-cluster model including the metal core 
[Ni-4Fe-4S] and surrounding residues and crystal water molecules was used in 
density functional calculations. On the basis of computational results, the 
plausible enzymatic mechanism for the CO oxidation was proposed. In the 
catalytic reaction, the first proton abstraction from the Fe1-bound water leads to a 















transfer from the metal-bound carboxylate to the amino acid residues facilitates 
the release of CO2. The hydrogen-bond network around the C-cluster, formed by 
conserved residues His93, His96, Glu299, Lys563, and four water molecules in 
the active domain plays an important role in the proton transfer and the 
intermediate stabilization. Predicted geometries of key species show good 
agreement with their reported crystal structures. 
(6) The oxidative half-reaction of oxygen atom transfer from nitrate to MoⅣ complex 
was investigated theoretically. Calculations show that the nitrate reduction can 
occur through either a direct rupture of Mo-ONO2− bond or a bond formation 
between the nitrate ion and a Mo-bound sulfur ligand. Detailed mechanisms and 
reaction energetics were predicted. Present results indicate that the formation of a 
disulfide bond can mediate the oxidation-state interconversion of the metal center 
from MoⅥ to MoⅣ, which plays an important role in the nitrate reduction reaction. 
 
Keywords: Low-energy electron attachment; DNA fragments; Nitrogenase; 
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